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(57) The rotation center is calculated (step S11). A
gripping pattern is determined (step S12). The rotation
axis is set to X-axis (step S13) of a tool coordinate system
in response to the gripping pattern being a fan-shaped
pattern, to Y-axis (step S14) in response to being a cyl-
inder pattern, and to Z-axis (step S15) in response to
being a circle pattern. A start angle θ_start is set as a
rotation angle θ (step S16). The pose of a tool is calcu-
lated (step S17). The current pose is registered (step
S18). The angle θ is changed by a predetermined angle
of Δθ (step S19). Steps S17 to S19 are repeated until the
angle θ reaches an end angle θ_end (step S20).
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Description

FIELD

[0001] The present invention relates to a gripping pose
registration apparatus, a gripping pose registration meth-
od, and a gripping pose registration program.

BACKGROUND

[0002] Techniques have been developed to display a
gripping target and a robot hand three-dimensionally in
software and register a gripping position in response to
a user designating a gripping pose (refer to, for example,
Patent Literature 1).
[0003] Techniques have also been developed to de-
termine a gripping position for a robot hand by applying
a gripping pattern obtained through fitting of a primitive
shape to data representing a gripping target using a pre-
set database storing primitive shape models and their
corresponding gripping patterns (refer to, for example,
Patent Literature 2).
[0004] With the technique described in Patent Litera-
ture 1, registering multiple gripping positions takes an
enormous amount of time. With the technique described
in Patent Literature 2, gripping targets with complex
shapes cannot be fit to any appropriate primitive shapes.

CITATION LIST

PATENT LITERATURE

[0005]

Patent Literature 1: Japanese Patent No. 5888591
Patent Literature 2: Japanese Patent No. 4835616

SUMMARY

TECHNICAL PROBLEM

[0006] In response to the above issue, one or more
aspects of the present invention are directed to a tech-
nique for allowing a user to collectively register multiple
gripping poses of a robot hand relative to a gripping tar-
get, and to apply a gripping pattern as appropriate for
any shape of a gripping target.

SOLUTION TO PROBLEM

[0007] In response to the above issue, a gripping pose
registration apparatus according to an aspect of the
present invention is a gripping pose registration appara-
tus for registering a gripping pose of a robot hand relative
to a gripping target. The gripping pose registration appa-
ratus includes a gripping pose setting unit that receives
setting of a gripping pose of the robot hand relative to
the gripping target represented three-dimensionally, a

gripping pattern designator that receives designation of
a type of a gripping pattern including a group of gripping
poses, a gripping pattern generator that generates,
based on the designated type and the set gripping pose
of the robot hand, the gripping pattern including the group
of gripping poses generated from at least one of rotation
about a predetermined axis in a tool coordinate system
defined for the robot hand or translation in a predeter-
mined direction in the tool coordinate system, and a grip-
ping pose storage unit that stores the group of gripping
poses included in the generated gripping pattern.
[0008] The above aspect of the present invention al-
lows a user to set a gripping pose of a robot hand relative
to a gripping target represented three-dimensionally and
designate a type of a gripping pattern to automatically
generate, based on the designated pattern and the set
gripping pose of the robot hand, a gripping pattern in-
cluding a group of gripping poses generated from at least
one of rotation about a predetermined axis in a tool co-
ordinate system or translation in a predetermined direc-
tion in the tool coordinate system. More specifically, the
above aspect of the present invention allows a user to
set a gripping pose of a robot hand relative to a gripping
target represented three-dimensionally and designate a
type of a gripping pattern, to obtain information for gen-
erating a group of gripping poses included in a gripping
pattern, thus allowing collective registration of multiple
gripping poses in accordance with the designated pat-
tern. Moreover, the user can apply a gripping pattern as
appropriate for any shape of the gripping target.
[0009] A robot hand herein refers to a tool that is com-
puter-controllable to grip a gripping target. Examples in-
clude an end effector and a gripper. Gripping refers to
holding a target. Examples include, but are not limited
to, holding by grasping and holding by sucking. A group
of gripping poses includes one or more gripping poses
of a robot hand relative to a gripping target. A group of
gripping poses is defined as above because a gripping
pattern may include a single gripping pose.
[0010] The group of gripping poses included in the grip-
ping pattern is generated from, using a set robot hand
as a reference, at least one of rotation about a predeter-
mined axis in a tool coordinate system or translation in
a predetermined direction in the tool coordinate system.
The group of gripping poses may include a gripping pose
shifted from the set robot hand by a predetermined angle
or a predetermined distance. The set gripping pose of
the robot hand may or may not be included in the group
of gripping poses included in the generated gripping pat-
tern.
[0011] The group of gripping poses included in the grip-
ping pattern may be generated from, based on the set
gripping pose of the robot hand, rotation about a prede-
termined axis in a tool coordinate system defined for the
robot hand or translation in a predetermined direction in
the tool coordinate system. The group of gripping poses
included in the gripping pattern may be generated from
rotation about a predetermined axis and translation in a
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predetermined direction in the tool coordinate system.
Moreover, the rotation may combine rotation about a pre-
determined axis and rotation about another axis, and the
translation may combine translation in a predetermined
direction and translation in another direction.
[0012] In the above aspect of the present invention,
the type of the gripping pattern may include a first type
of the gripping pattern including the group of gripping
poses generated with an axis in a direction connecting
two gripper parts of the robot hand being the predeter-
mined axis.
[0013] This structure generates a gripping pattern that
includes a group of gripping poses generated from rota-
tion about an axis in a direction connecting two gripper
parts gripping a gripping target, and thus allows collective
registration of gripping poses at various angles.
[0014] In the above aspect of the present invention,
the type of the gripping pattern may include a second
type of the gripping pattern including the group of gripping
poses generated with an axis orthogonal to a longitudinal
direction of two gripper parts of the robot hand being the
predetermined axis.
[0015] This structure allows collective registration of
gripping poses in a direction orthogonal to the central
axis of a cylindrical or tubular gripping target. The direc-
tion orthogonal to the longitudinal direction of the two
gripper parts herein refers to a direction orthogonal to a
plane including a straight line extending in the longitudi-
nal direction of each of the two gripper parts.
[0016] In the above aspect of the present invention,
the type of the gripping pattern may include a third type
of the gripping pattern including the group of gripping
poses generated with an axis parallel to a longitudinal
direction of a gripper part of the robot hand being the
predetermined axis.
[0017] This structure allows collective registration of
gripping poses at various angles for internal-diameter
gripping, in which the gripper parts are placed inside a
hole of a gripping target, such as a through-hole or a
recess, to grip the gripping target from inside.
[0018] In the above aspect of the present invention,
the type of the gripping pattern may include a fourth type
of the gripping pattern including the group of gripping
poses generated by combining rotation about an axis in
a direction connecting two gripper parts of the robot hand
being the predetermined axis and rotation about an axis
parallel to a longitudinal direction of at least one of the
gripper parts being the predetermined axis or rotation
about an axis orthogonal to a longitudinal direction of the
two gripper parts being the predetermined axis.
[0019] This structure allows collective registration of
gripping poses in a direction orthogonal to the central
axis of a cylindrical or tubular gripping target and in var-
ious directions each at an angle to the central axis of the
gripping target.
[0020] In the above aspect of the present invention,
the type of the gripping pattern may include a fifth type
of the gripping pattern including the group of gripping

poses generated with a direction orthogonal to a longi-
tudinal direction of a gripper part of the robot hand being
the predetermined direction.
[0021] This structure allows collective registration of
gripping poses for gripping a flat portion of a flat gripping
target. This structure can be used for a robot hand having
a suction pad.
[0022] In the above aspect of the present invention,
the gripping pattern designator may receive designation
of a plurality of the types of the gripping pattern for a
single gripping target.
[0023] This structure allows registration of gripping
patterns appropriate for portions of the gripping target.
[0024] The gripping pose registration apparatus ac-
cording to the above aspect of the present invention may
further include a parameter setting unit that receives set-
ting of a parameter for generating the gripping pattern.
The parameter may include a gripping depth indicating
a position of the axis orthogonal to the longitudinal direc-
tion of the two gripper parts.
[0025] This structure allows adjustment of the gripping
depth of the gripper parts with respect to the gripping
target.
[0026] The gripping pose registration apparatus ac-
cording to the above aspect of the present invention may
further include a parameter setting unit that receives set-
ting of a parameter for generating the gripping pattern.
[0027] This structure allows the parameter setting to
adjust the details of a gripping pattern or the process for
generating a gripping pattern as intended by the user.
[0028] In the above aspect of the present invention,
the parameter may include at least one of a start param-
eter for specifying a gripping pose with which the rotation
or the translation is started in generating the gripping
pattern or an end parameter for specifying a gripping
pose with which the rotation or the translation is ended
in generating the gripping pattern.
[0029] This structure defines a range of the group of
gripping poses included in the gripping pattern. To avoid
collision of the robot hand with a protrusion or any other
portion of a gripping target or to exclude any specified
gripping poses such as a gripping pose at an angle that
may cause unstable gripping, such gripping poses can
be excluded from a gripping pattern to be generated.
[0030] Such start parameters or end parameters may
include angles or positions.
[0031] In the above aspect of the present invention,
the parameter may include a unit parameter for specify-
ing a unit for the rotation or the translation of the robot
hand for generating the group of gripping poses.
[0032] The robot hand may be rotated or translated in
smaller units to generate a group of gripping poses in-
cluding more gripping poses to be registered. However,
this increases the processing load. The user may adjust
this trade-off by setting an appropriate unit using an ap-
propriate unit parameter. A unit of angle may be used
herein for rotation, and a unit of distance may be used
for translation. The unit parameters may be the angle or
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the distance specified directly, or may be the number of
partitions in a range that indirectly specify the parame-
ters.
[0033] In the above aspect of the present invention,
the gripping pattern generator may determine, in gener-
ating the gripping pattern, whether the robot hand collides
with the gripping target and exclude a gripping pose with
which the robot hand collides with the gripping target from
the set of gripping poses.
[0034] This structure eliminates an adjustment by the
user to avoid collision between the gripping target and
the robot hand.
[0035] The gripping pose registration apparatus ac-
cording to the above aspect of the present invention may
further include a rendering unit that generates rendering
information for displaying the gripping pattern generated
by the gripping pattern generator.
[0036] This structure allows the user to view an image
of the generated gripping pattern.
[0037] The gripping pose registration apparatus ac-
cording to the above aspect of the present invention may
further include a representation mode designator that re-
ceives, as the rendering information, designation of a rep-
resentation mode including a simplified mode for repre-
senting an outline of the robot hand corresponding to a
gripping pose included in the gripping pattern.
[0038] This structure allows selection of a simplified
representation mode to increase the visibility for any less
visible overlapping images of the robot hand correspond-
ing to each gripping pose included in the gripping pattern.
Representation modes may be set as appropriate to, for
example, a more stereoscopic representation mode, in
addition to the simplified mode.
[0039] In the above aspect of the present invention,
the gripping pose storage unit may receive designation
of a gripping pose to be stored from among the group of
gripping poses included in the gripping pattern represent-
ed three-dimensionally.
[0040] This structure allows the user to select, from the
group of gripping poses included in the generated grip-
ping pattern, gripping poses to be stored and register the
selected gripping poses. Either gripping poses to be
stored or gripping poses not to be stored may be selected.
This eliminates an operation to specify a unit for gener-
ating a gripping pattern.
[0041] A gripping pose registration method according
to another aspect of the present invention is a gripping
pose registration method for registering a gripping pose
of a robot hand relative to a gripping target. The gripping
pose registration method includes receiving setting of a
gripping pose of the robot hand relative to the gripping
target represented three-dimensionally, receiving desig-
nation of a type of a gripping pattern including a group
of gripping poses, generating, based on the designated
type and the set gripping pose of the robot hand, the
gripping pattern including the group of gripping poses
generated from at least one of rotation about a predeter-
mined axis in a tool coordinate system defined for the

robot hand or translation in a predetermined direction in
the tool coordinate system, and storing the group of grip-
ping poses included in the generated gripping pattern.
[0042] The above aspect of the present invention al-
lows a user to set a gripping pose of a robot hand relative
to a gripping target represented three-dimensionally and
designate a type of a gripping pattern to automatically
generate, based on the designated pattern and the set
gripping pose of the robot hand, a gripping pattern in-
cluding a group of gripping poses generated from at least
one of rotation about a predetermined axis in a tool co-
ordinate system or translation in a predetermined direc-
tion in the tool coordinate system. More specifically, the
above aspect of the present invention allows a user to
set a gripping pose of a robot hand relative to a gripping
target represented three-dimensionally and designate a
type of a gripping pattern, to obtain information for gen-
erating a group of gripping poses included in a gripping
pattern, thus allowing collective registration of multiple
gripping poses in accordance with the designated pat-
tern. Moreover, the user can apply a gripping pattern as
appropriate for any shape of the gripping target.
[0043] A robot hand herein refers to a tool that is com-
puter-controllable to grip a gripping target. Examples in-
clude an end effector and a gripper. Gripping refers to
holding a target. Examples include, but are not limited
to, holding by grasping and holding by sucking. A group
of gripping poses includes one or more gripping poses
of a robot hand relative to a gripping target. A group of
gripping poses is defined as above because a gripping
pattern may include a single gripping pose.
[0044] The group of gripping poses included in the grip-
ping pattern is generated, using a set robot hand as a
reference, at least one of rotation about a predetermined
axis in a tool coordinate system or translation in a pre-
determined direction in the tool coordinate system. The
group of gripping poses may include a gripping pose shift-
ed from the set gripping pose of the robot hand by a
predetermined angle or a predetermined distance. The
set robot hand may or may not be included in the group
of gripping poses included in the generated gripping pat-
tern.
[0045] The group of gripping poses included in the grip-
ping pattern may be generated from, based on the set
gripping pose of the robot hand, rotation about a prede-
termined axis in a tool coordinate system defined for the
robot hand or translation in a predetermined direction in
the tool coordinate system. The group of gripping poses
included in the gripping pattern may be generated from
rotation about a predetermined axis and translation in a
predetermined direction in the tool coordinate system.
Moreover, the rotation may combine rotation about a pre-
determined axis and rotation about another axis, and the
translation may combine translation in a predetermined
direction and translation in another direction.
[0046] A program according to still another aspect of
the present invention is a program for causing a computer
to implement a gripping pose registration method for reg-

5 6 



EP 3 831 546 A1

5

5

10

15

20

25

30

35

40

45

50

55

istering a gripping pose of a robot hand relative to a grip-
ping target. The program causes the computer to perform
operations including receiving setting of a gripping pose
of the robot hand relative to the gripping target represent-
ed three-dimensionally, receiving designation of a type
of a gripping pattern including a group of gripping poses,
generating, based on the designated type and the set
gripping pose of the robot hand, the gripping pattern in-
cluding the group of gripping poses generated from at
least one of rotation about a predetermined axis in a tool
coordinate system defined for the robot hand or transla-
tion in a predetermined direction in the tool coordinate
system, and storing the group of gripping poses included
in the generated gripping pattern.
[0047] The above aspect of the present invention al-
lows a user to set a gripping pose of a robot hand relative
to a gripping target represented three-dimensionally and
designate a type of a gripping pattern to automatically
generate, based on the designated pattern and the set
gripping pose of the robot hand, a gripping pattern in-
cluding a group of gripping poses generated from at least
one of rotation about a predetermined axis in a tool co-
ordinate system or translation in a predetermined direc-
tion in the tool coordinate system. More specifically, the
above aspect of the present invention allows a user to
set a gripping pose of a robot hand relative to a gripping
target represented three-dimensionally and designate a
type of a gripping pattern, to obtain information for gen-
erating a group of gripping poses included in a gripping
pattern, thus allowing collective registration of multiple
gripping poses in accordance with the designated pat-
tern. Moreover, the user can apply a gripping pattern as
appropriate for any shape of the gripping target.
[0048] A robot hand herein refers to a tool that is com-
puter-controllable to grip a gripping target. Examples in-
clude an end effector and a gripper. Gripping refers to
holding a target. Examples include, but are not limited
to, holding by grasping and holding by sucking. A group
of gripping poses includes one or more gripping poses
of a robot hand relative to a gripping target. A group of
gripping poses is defined as above because a gripping
pattern may include a single gripping pose.
[0049] The group of gripping poses included in the grip-
ping pattern is generated from, using a set robot hand
as a reference, at least one of rotation about a predeter-
mined axis in a tool coordinate system or translation in
a predetermined direction in the tool coordinate system.
The group of gripping poses may include a gripping pose
shifted from the set robot hand by a predetermined angle
or a predetermined distance. The set gripping pose of
the robot hand may or may not be included in the group
of gripping poses included in the generated gripping pat-
tern.
[0050] The group of gripping poses included in the grip-
ping pattern may be generated from, based on the set
gripping pose of the robot hand, rotation about a prede-
termined axis in a tool coordinate system defined for the
robot hand or translation in a predetermined direction in

the tool coordinate system. The group of gripping poses
included in the gripping pattern may be generated from
rotation about a predetermined axis and translation in a
predetermined direction in the tool coordinate system.
Moreover, the rotation may combine rotation about a pre-
determined axis and rotation about another axis, and the
translation may combine translation in a predetermined
direction and translation in another direction.

ADVANTAGEOUS EFFECTS

[0051] The above aspects of the present invention al-
lows a user to collectively register multiple gripping poses
of a robot hand relative to a gripping target, and to apply
a gripping pattern as appropriate for any shape of a grip-
ping target.

BRIEF DESCRIPTION OF THE DRAWINGS

[0052]

Fig. 1 is a block diagram of a gripping pose registra-
tion apparatus according to an embodiment of the
present invention showing its example hardware
configuration.
Fig. 2 is a functional block diagram of the gripping
pose registration apparatus according to the embod-
iment of the present invention.
Fig. 3 is a flowchart showing an overall gripping pose
registration process in the embodiment of the
present invention.
Fig. 4A is a perspective overall view of a two-finger
hand in the embodiment of the present invention,
and Fig. 4B is an enlarged view of the distal ends of
the two-finger hand.
Fig. 5A is a perspective overall view of a suction hand
in the embodiment of the present invention, and Fig.
5B is an enlarged view of the distal end of the suction
hand.
Figs. 6A and 6B are diagrams each describing the
setting of an initial gripping pose of a hand in the
embodiment of the present invention.
Fig. 7 is a diagram of a user interface for setting a
gripping pattern in the embodiment of the present
invention.
Fig. 8 is a diagram showing gripping with no gripping
pattern in the embodiment of the present invention.
Fig. 9 is a diagram showing a fan-shaped pattern in
the embodiment of the present invention.
Fig. 10 is a diagram showing a cylinder pattern in
the embodiment of the present invention.
Figs. 11A and 11B are diagrams describing a change
in a gripping depth in the embodiment of the present
invention.
Fig. 12 is a diagram showing a hybrid pattern in the
embodiment of the present invention.
Fig. 13 is a diagram of a circle pattern in the embod-
iment of the present invention.
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Fig. 14 is a flowchart showing a gripping pattern gen-
eration process in the embodiment of the present
invention.
Fig. 15 is a diagram showing the relationship be-
tween an object coordinate system and a tool coor-
dinate system in the embodiment of the present in-
vention.
Fig. 16 is a diagram showing the relationship be-
tween a T-tube and the two-finger hand in the cylin-
der pattern in the embodiment of the present inven-
tion.
Figs. 17A, 17B, and 17C are diagrams each showing
the positional relationship between the T-tube and
the two-finger hand in the cylinder pattern in the em-
bodiment of the present invention.
Fig. 18 is a flowchart showing an equal-interval grip-
ping pattern generation process in the embodiment
of the present invention.
Fig. 19 is a diagram showing the equal-interval grip-
ping pattern in the embodiment of the present inven-
tion.
Figs. 20A and 20B are diagrams each showing a
simplified display example of a gripping pattern in
the embodiment of the present invention.
Fig. 21 is a flowchart showing a gripping pose storing
process in the embodiment of the present invention.
Figs. 22A and 22B are diagrams showing a gripping
pattern for a holder in the embodiment of the present
invention.
Figs. 23A and 23B are diagrams showing another
gripping pattern for a holder in the embodiment of
the present invention.
Figs. 24A, 24B, and 24C are diagrams showing grip-
ping patterns for an L-shaped plate in the embodi-
ment of the present invention.
Figs. 25A, 25B, and 25C are diagrams showing grip-
ping patterns for a connector in the embodiment of
the present invention.
Figs. 26A, 26B, and 26C are diagrams showing grip-
ping patterns for a capacitor in the embodiment of
the present invention.

DETAILED DESCRIPTION

First Embodiment

[0053] A gripping pose registration apparatus accord-
ing to an embodiment of the present invention will now
be described in more detail with reference to the draw-
ings.

Apparatus Structure

[0054] Fig. 1 is a block diagram of a gripping pose reg-
istration apparatus 1 according to one embodiment
showing its example hardware configuration. Fig. 2 is a
functional block diagram of the gripping pose registration
apparatus 1.

[0055] As shown in Fig. 1, the gripping pose registra-
tion apparatus 1 mainly includes a controller 11, a storage
12, an input unit 13, a display 14, and a bus 15 connected
to each component and serving as a signal transmission
path. The gripping pose registration apparatus 1 may be
implemented using a general-purpose computer.
[0056] The controller 11 is a processor such as a cen-
tral processing unit (CPU) and a micro-processing unit
(MPU).
[0057] The storage 12 includes a main storage device
and an auxiliary storage device. The main storage device
is a memory in which programs executable by the con-
troller 11 and data used by the control programs are ex-
panded. The auxiliary storage device stores, for example,
an operating system (OS), various programs, and various
tables, and loads the stored programs to a work area in
the main storage device and executes the programs to
control, for example, each component, and thus imple-
ment each function (described later) for a predetermined
purpose. The functions may be partly or entirely imple-
mented by a hardware circuit such as an application-
specific integrated circuit (ASIC) and a field-programma-
ble gate array (FPGA). The main storage device may
include a random-access memory (RAM) or a read-only
memory (ROM). The auxiliary storage device may in-
clude an erasable programmable ROM (EPROM) or a
hard disk drive (HDD). The auxiliary storage device may
additionally include a removable medium, or a portable
recording medium. The removable medium may be, for
example, a universal serial bus (USB) memory device or
a disc storage medium such as a compact disc (CD) and
a digital versatile disc (DVD).
[0058] The input unit 13 receives input operations from
a user. In the present embodiment, the input unit 13 in-
cludes a keyboard 13a and a mouse 13b.
[0059] The display 14 displays information to provide
information to a user. The display 14 includes, for exam-
ple, a liquid crystal display and its controller. The display
14 may include a touchscreen panel and its controller to
also serve as the input unit 13.
[0060] Referring to the functional block diagram of Fig.
2, the functions of the gripping pose registration appara-
tus 1 according to the present embodiment will be de-
scribed.
[0061] The gripping pose registration apparatus 1 in-
cludes a data reader 21, an initial gripping pose setting
unit 22, a gripping pose correction unit 23, a gripping
pattern designator 24, a parameter setting unit 25, a rep-
resentation mode designator 26, a gripping pattern gen-
erator 27, a gripping pose storage unit 28, and a render-
ing unit 29.
[0062] The data reader 21 reads, from a hand-gripping
target storage 121 storing data about a robot hand (here-
after simply referred to as a hand) to be controlled and
a gripping target to be gripped by the hand, data about
the hand and the gripping target.
[0063] When a user moves a pointer to an intended
position on a gripping target appearing on the display 14
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and clicks the mouse 13b at the position, the initial grip-
ping pose setting unit 22 registers the hand at the posi-
tion.
[0064] When the user inputs a correction amount of a
gripping pose through the input unit 13, the gripping pose
correction unit 23 corrects the gripping pose of the hand
by reflecting the correction amount. In this embodiment,
the initial gripping pose setting unit 22 and the gripping
pose correction unit 23 correspond to a gripping pose
setting unit.
[0065] The gripping pattern designator 24 receives,
from the user through the input unit 13, designation of a
type of a gripping pattern, such as fan-shaped gripping,
cylinder gripping, circle gripping, or hybrid gripping, and
reflects the type in the gripping pattern.
[0066] The parameter setting unit 25 receives, from
the user through the input unit 13, the setting of a param-
eter associated with the gripping pattern, and reflects the
parameter in the gripping pattern.
[0067] The representation mode designator 26 re-
ceives, from the user through the input unit 13, designa-
tion of a representation mode for displaying a gripping
pattern on the display 14, and reflects the representation
mode in the gripping pattern.
[0068] The gripping pattern generator 27 calculates
one or more gripping patterns designated by the gripping
pattern designator 24 and generates the gripping pat-
terns.
[0069] The gripping pose storage unit 28 stores one or
more registered gripping poses into a gripping pose da-
tabase 122.
[0070] The rendering unit 29 generates rendering in-
formation about the three-dimensional shapes of the grip-
ping target and the hand based on information input from
the data reader, the initial gripping pose setting unit 22,
the gripping pose correction unit 23, and the gripping
pattern generator 27, and renders the shapes on the dis-
play 14. In response to every user operation performed
through the input unit in a graphical user interface (GUI)
on the display 14, the rendering unit 29 recalculates the
poses of the gripping target and the hand at three dimen-
sional positions, and updates the display data on the dis-
play 14.
[0071] A gripping pose registration process performed
by the gripping pose registration apparatus 1 according
to the present embodiment will now be described.
[0072] Fig. 3 is a flowchart showing an overall gripping
pose registration process.
[0073] The gripping pose registration process mainly
includes an initial gripping pose setting process (step S1),
a gripping pose setting process (step S2), a gripping pat-
tern setting process (step S3), and a gripping pose storing
process (step S4).
[0074] The initial gripping pose setting process and the
gripping pose setting process of a hand relative to a grip-
ping target on the screen of the display 14 will first be
described, and then the gripping pattern registration
characteristic of the gripping pose registration apparatus

1 according to the present embodiment will be described.
Initial Gripping Pose Setting Process
[0075] The initial gripping pose setting process will now
be described. Any appropriate procedure may be used
for setting an initial gripping pose of a hand relative to a
gripping target. The initial gripping pose setting process
is performed by the controller 11 executing, in response
to an operational input from the keyboard 13a and the
mouse 13b, predetermined programs to function as the
data reader, the initial gripping pose setting unit, and the
rendering unit 29.
[0076] First, data about the hand and the gripping tar-
get is read from the hand-gripping target storage in the
storage 12. Based on the read data, the rendering unit
29 displays the gripping target two-dimensionally on the
screen of the display 14 in accordance with a predeter-
mined program. In this case, a hand is selected by the
user from a two-finger hand 30 including two jaws 31 and
32 as shown in Fig. 4A and a suction hand 40 including
a suction pad 41 at its distal end as shown in Fig. 5A. In
response to the selection by the user, data about the
hand is obtained and displayed. The hand is selected
from the two-finger hand 30 and the suction hand 40 in
this embodiment, but may be of another type.
[0077] The pose of the gripping target is changeable
in three degrees of freedom in translation and rotation in
response to an operation of, for example, moving a point-
er to a position on the gripping target appearing on the
screen and dragging the gripping target. The gripping
position for the hand is specified by an operation such
as moving a pointer onto the gripping target displayed in
an intended pose on the screen of the display 14 and
clicking.
[0078] When the two-finger hand 30 is selected, two
points p1 and p2 on a T-tube 51 as a gripping target are
specified as shown in Fig. 6A. The two-finger hand 30 is
displayed with a midpoint 312 of the distal end of the jaw
31 in the middle between the specified two positions p1
and p2. The gripping position is thus registered. The jaw
32 on the two-finger hand 30 may be registered at a po-
sition symmetrical to the jaw 31 with the T-tube 51 in
between, or a gripping position for the jaw 32 may be
specified independently of the jaw 31. In this embodi-
ment, the jaws 31 and 32 correspond to gripper parts.
Fig. 4B shows end faces 311 and 321 as viewed in the
longitudinal direction of the jaws 31 and 32 on the two-
finger hand 30. The midpoints 312 and 322 on the distal
ends of the jaws 31 and 32 are the positions at which the
end faces 311 and 321 meet inner surfaces 313 and 323.
Fig. 4B also shows a width W of the jaw 32 (the same
for the jaw 31) and a width S of the opening between the
jaws 31 and 32. As described later, the portions of the
jaws 31 and 32 that grip a gripping target may be changed
in the longitudinal direction. Thus, other portions of the
jaws 31 and 32 may be registered in setting the initial
gripping pose.
[0079] When the suction hand 40 is selected, a single
point p3 on a capacitor 52 as a gripping target is specified
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as shown in Fig. 6B. The suction hand 40 is displayed to
have, on its distal end, the suction pad 41 having a center
411 at the point p3. The gripping position is thus regis-
tered. In this embodiment, the suction pad 41 corre-
sponds to a gripper part.

Gripping Pose Setting Process

[0080] The gripping pose setting process performed
for the initial gripping pose of the hand set in accordance
with the above procedure will now be described. The grip-
ping pose setting process is performed by the controller
11 executing, in response to an operational input from
the keyboard 13a and the mouse 13b, predetermined
programs to function as the data reader, the gripping
pose correction unit 23, and the rendering unit 29.
[0081] In the gripping pose setting process, the pose
of the hand gripping the gripping target at a gripping point
is adjusted. In this embodiment, for example, with respect
to X-axis, Y-axis, and Z-axis of a tool coordinate system
defined for the hand (refer to Fig. 15), the amounts of
forward and backward motions in X-, Y-, and Z-directions
in three degrees of translational freedom and the
amounts of rotations about X-, Y-, and Y-axes in three
degrees of rotational freedom are adjusted by the user
through the GUI on the display 14. For the two-finger
hand 30, the width S (refer to Fig. 4B) of the opening
between the jaws 31 and 32 may be adjustable. The suc-
tion hand 40 typically includes a bellows or a spring and
is extendable and retractable. The suction hand 40 may
be adjustable in an extended state and a retracted state.
Other items may be adjusted in the pose adjustment at
the gripping point.

Rotational Gripping Pattern Setting Process

[0082] The gripping pose of the hand relative to the
gripping target is set as described above. The above
process is followed by the gripping pattern setting proc-
ess. A rotational gripping pattern setting process included
in the gripping pattern setting process will now be de-
scribed. The rotational gripping pattern setting process
is performed by the controller 11 executing, in response
to an operational input from the keyboard 13a and the
mouse 13b, predetermined programs to function as the
data reader 29, the gripping pattern designator 24, the
parameter setting unit 25, the representation mode des-
ignator 26, the gripping pattern generator 27, and the
rendering unit 29.
[0083] Fig. 7 shows an example user interface 20 ap-
pearing on the screen of the display 14 when the rota-
tional gripping pattern setting process is performed.
[0084] Five buttons 21 to 25 appearing in an upper
portion each represent the respective gripping patterns.
An intended gripping pattern is set by moving a pointer
onto the corresponding button and clicking the mouse
13b.
[0085] The button 21 for the indication "Single" repre-

sents no gripping pattern in which the hand is located in
a single pose relative to the gripping target. Fig. 8 shows
an example of gripping using no gripping pattern. In this
example, the two-finger hand 30 is located in a single
pose relative to the T-tube 51 when the jaws 31 and 32
on the two-finger hand 30 grip a tubular portion 51a of
the T-tube 51 as a gripping target from radially outside.
[0086] The button 22 for the indication "Fan" repre-
sents a fan-shaped pattern. In the fan-shaped pattern,
the two-finger hand 30 is rotated in a fan shape from the
initial gripping pose relative to the gripping target about
a straight line connecting the midpoints of the distal ends
of the jaws 31 and 32. In this embodiment, the fan-shaped
pattern corresponds to a first type. Fig. 9 shows an ex-
ample of the fan-shaped pattern. Fig. 9 shows the two-
finger hand 30 at the initial gripping position with the jaws
31 and 32 gripping the tubular portion 51a of the T-tube
51 as a gripping target from vertically below and radially
outside. Fig. 9 also shows, in a manner superimposed
on the two-finger hand 30 at the initial gripping position,
the two-finger hand 30 rotated in the fan-shaped pattern
and positioned rightward and leftward relative to the ver-
tically downward direction. The range of rotation and the
number of partitions can be changed as described later.
The gripping poses of the jaws 31 and 32 on the hand
30 included in a gripping pattern may be indicated by
solid lines or two-dot chain lines for easily distinguishable
from each other (the same applies to the subsequent
drawings).
[0087] The button 23 for the indication "Cylinder" rep-
resents a cylinder pattern. In the cylinder pattern, the two-
finger hand 30 is rotated from the initial gripping pose
relative to the gripping target about a straight line that is
orthogonal to a plane including a straight line connecting
the midpoints of the distal ends of the jaws 31 and 32
and parallel to the longitudinal direction of the jaws 31
and 32, and that passes through the middle of the straight
line connecting the midpoints of distal ends of the two
fingers. In this embodiment, the cylinder pattern corre-
sponds to a second type. Fig. 10 shows an example of
the cylinder pattern. In Fig. 10, the jaws 31 and 32 on the
two-finger hand 30 gripping the T-tube 51 (refer to Fig.
8) are rotated in the cylinder pattern. For ease of under-
standing, Fig. 10 selectively shows the jaws 31 and 32
positioned in the vertical direction, in the horizontal di-
rection, and rotated 45° with respect to the horizontal
direction. The range of rotation and the number of parti-
tions can be changed as described later. For easy un-
derstanding of the positional relationship of the jaws 31
and 32 in different poses, the rotation centers and other
positions in the drawings including Fig. 10 showing the
poses of the two-finger hand 30 relative to the gripping
target may not be precisely as described above.
[0088] As shown in Figs. 11A and 11B, the rotation
center of the hand can be changed toward the basal end
of the hand. This changes the distance by which the hand
is moved with respect to and over the gripping target
(gripping depth). The jaws 31 and 32 on the two-finger
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hand 30 in Fig. 11B are moved further by a distance D
with respect to the tubular portion 51a of the T-axis tube
51 than in Fig. 11A in which the rotation center is in the
middle of a straight line connecting the distal ends of the
jaws 31 and 32. The rotation center of the two-finger hand
30 is thus changed closer to the basal end of the two-
finger hand 30 than the rotation center in the gripping
position in Fig. 11A.
[0089] The button 24 for the indication "Hybrid" repre-
sents a hybrid pattern combining the fan-shaped pattern
and the cylinder pattern. More specifically, as described
above, the two-finger hand 30 is rotated in a fan shape
from the initial gripping pose relative to a gripping target
about a straight line connecting the midpoints of the distal
ends of the jaws 31 and 32, and is further rotated about
a straight line that is orthogonal to a plane including a
straight line connecting the midpoints of the distal ends
of the jaws 31 and 32 and parallel to the longitudinal
direction of the jaws 31 and 32, and that passes through
the middle of the straight line connecting the midpoints
of distal ends of the jaws 31 and 32. In this embodiment,
the hybrid pattern corresponds to a fourth type. Fig. 12
shows the two-finger hand 30 rotated in the fan-shaped
pattern, and the two-finger hand 30 further rotated in the
cylinder pattern. Fig. 12 selectively shows the two-finger
hand 30 rotated in the fan-shaped pattern and positioned
rightward and leftward relative to the vertical direction,
and selectively shows the two-finger hand 30 rotated in
the cylinder pattern and positioned upward and down-
ward in the vertical direction for ease of understanding.
The range of rotation and the number of partitions can
be changed as described later.
[0090] The button 25 for the indication "Circle" repre-
sents a circle pattern. The circle pattern is used when,
for example, the two-finger hand 30 is inserted into the
hollow of a nut as a gripping target 50 and opens the jaws
31 and 32 wider to push the inner peripheral surface of
the hollow nut and thus to grip the nut. In this embodiment,
the circle pattern corresponds to a third type. In this pat-
tern, the two-finger hand 30 is rotated about an axis that
passes through a middle Cn (refer to Fig. 4B) of a straight
line connecting the midpoints 312 and 322 of the distal
ends of the jaws 31 and 32 and is parallel to the longitu-
dinal direction of the jaws 31 and 32. Fig. 13 shows, in a
superimposed manner, the two-finger hand 30 rotated
with respect to the nut 50 in the circle pattern.
[0091] The user interface 20 displays, in its lower por-
tion, an indication 26a of "Start angle," an indication 27a
of "Stop angle," and an indication 28a of "Num angle,"
and the corresponding buttons 26b, 27b, and 28b each
with the - mark, and buttons 26c, 27c, and 28c each with
the + mark.
[0092] The buttons 26b and 26c for the indication "Start
angle" are used to adjust the start angle of a pattern de-
fined by multiple gripping positions when the range for
generating a gripping pattern is set. The initial position
of the hand gripping the gripping target is defined as 0
degrees on the display 14. Using the above angle as a

reference, the start angle is incremented by clicking the
button 26c with the + mark, and is decremented by click-
ing the button 26b with the - mark. In this embodiment,
the start angle corresponds to a start parameter.
[0093] The buttons 27b and 27c for the indication "Stop
angle" are used to adjust the end angle of a pattern de-
fined by multiple gripping positions when the range for
generating a gripping pattern is set. The initial position
of the hand gripping the gripping target is defined as 0
degrees on the display 14. Using the above angle as a
reference, the end angle is incremented by clicking the
button 27c with the + mark, and is decremented by click-
ing the button 27b with the - mark. In this embodiment,
the end angle corresponds to an end parameter.
[0094] The buttons 28b and 28c for the indication "Num
angle" are used to adjust the number of partitions in the
range for generating a gripping pattern, or between the
start angle and the end angle described above. The initial
number of partitions may be set as appropriate, for ex-
ample, to 0. Using this as a reference, the number of
partitions is incremented by clicking the button 28c with
the + mark, and is decremented by clicking the button
28b with the - mark. In this embodiment, the number of
partitions corresponds to a unit parameter.

Rotational Gripping Pattern Generation Process

[0095] Fig. 14 is a flowchart showing a process for gen-
erating any gripping pattern specified as above.
[0096] First, the rotation center is calculated (step
S11).
[0097] In this step, the rotation center is set for gener-
ating a gripping pattern. For the two-finger hand 30, for
example, the middle Cn of a straight line connecting the
midpoints 312 and 322 of the distal ends of the left jaw
31 and the right jaw 32 is set as the rotation center as
shown in Fig. 4B. For the suction hand 40, the center 411
on the end face of the suction pad 41 is set as the rotation
center as shown in Fig. 5B. The rotation center C is set
in this manner.
[0098] The determination is then performed as to which
gripping pattern is selected by the user (step S12).
[0099] When the fan-shaped pattern is selected, the
rotation axis is set to X-axis of the tool coordinate system
(step S13). When the cylinder pattern is selected, the
rotation axis is set to Y-axis of the tool coordinate system
(step S14). When the circle pattern is selected, the rota-
tion axis is set to Z-axis of the tool coordinate system
(step S15). Fig. 15 shows the tool coordinate system de-
fined for the hand 30 and the object coordinate system
defined for the T-tube 51 as a gripping target.
[0100] A rotation start angle θ_start previously set us-
ing the buttons 26b and 26c for the indication "Start angle"
is set as a rotation angle θ about a rotation axis set in
step S3, S4, or S5 (step S16).
[0101] The pose of the tool is then calculated (step
S17).
[0102] As shown in Fig. 15, the relative pose of the
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hand 30 and the T-tube 51 as a gripping target before a
gripping pattern is generated (more specifically, after the
initial gripping pose setting process and the gripping pose
setting process described above) may be written using
the rotation matrix
R
(as R in the text) and a translation vector
T
(as T in the text). This is the initial pose.
[0103] In any gripping pattern, the hand is rotated
about X-axis, Y-axis, or Z-axis of the tool coordinate sys-
tem from the initial pose. When the hand is rotated by θ
degrees, the rotation matrix for such rotation
ΔR
can be calculated as described below.
[0104] For the fan-shaped gripping pattern, or more
specifically, when the rotation axis is X-axis, the rotation
matrix is 

[0105] For the cylinder gripping pattern, or more spe-
cifically, when the rotation axis is Y-axis, the rotation ma-
trix is 

[0106] For the circle gripping pattern, or more specifi-
cally, when the rotation axis is Z-axis, the rotation matrix
is 

[0107] The rotation matrix of the gripping pattern
Rpattern
(as Rpattern in the text) and the translation vector
Tpattern
(as Tpattern in the text) can be calculated using the for-
mulas below. 

[0108] The rotation matrix for the pattern combining
the fan-shaped pattern and the cylinder pattern is ob-
tained by combining these rotations.

[0109] The current pose of the tool (hand) calculated
in this manner is registered to a predetermined area in
the storage 12 (step S18).
[0110] The rotation angle θ of the hand is changed to
θ + Δθ (step S19). The value Δθ can be obtained by di-
viding the range between the start angle set using the
buttons 26b and 26c for the indication "Start angle" and
the end angle set using the buttons 27b and 27c for the
indication "Stop angle" by the number of partitions set
using the buttons 28b and 28c for the indication "Num
angle."
[0111] The determination is then performed as to
whether θ > θ_end (step S20).
[0112] The angle θ_end is set using the buttons 27b
and 27c for the indication "Stop angle."
[0113] Figs. 16 and 17A to 17C show the relative re-
lationship between the T-tube 51 as a gripping target and
the two-finger hand 30 in the cylinder pattern described
above.
[0114] Fig. 16 shows the two-finger hand 30 in the initial
pose relative to the T-tube 51. The lower part of Fig. 16
shows an overall perspective view of the T-tube 51 and
shows its portion corresponding to the end face of the T-
tube 51 shown in the upper part of Fig. 16. Fig. 17A shows
the two-finger hand 30 rotated by θstart from the initial
pose to the start angle. Fig. 17B shows the two-finger
hand 30 further rotated by Δθ from the start angle. Fig.
17C shows the two-finger hand 30 rotated from the start
angle θstart to the end angle θend.
[0115] When the determination result is affirmative
(Yes) in step S10, the gripping pattern generation proc-
ess ends.
[0116] When the determination result is negative (No)
in step S10, the processing returns to step S7 to calculate
the pose of the tool at the updated rotation angle.
[0117] When the current pose of the tool is calculated
in step S17, the determination may be performed as to
whether the tool collides with the gripping target. Any
pose with no such collision may then be registered in
step S18. Any known technique may be used as appro-
priate for the determination about the collision with the
gripping target, and will not be described in detail.

Equal-interval Gripping Pattern Setting Process

[0118] An equal-interval gripping pattern setting proc-
ess included in the gripping pattern setting process will
now be described. The equal-interval gripping pattern
setting process is performed by the controller 11 execut-
ing, in response to an operational input from the keyboard
13a and the mouse 13b, predetermined programs to
function as the data reader 29, the gripping pattern des-
ignator 24, the parameter setting unit 25, the represen-
tation mode designator 26, the gripping pattern generator
27, and the rendering unit 29.
[0119] The equal-interval gripping pattern includes
gripping points located at equal intervals in either or both
X- and Y-directions of the tool coordinate system. In this
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embodiment, the equal-interval gripping pattern corre-
sponds to a fifth type. The user predefines, using the
keyboard 13a or the mouse 13b, an initial position (Xstart,
Ystart) and an end position (Xend, Yend) in X- and Y-
directions as well as an interval (ΔX, ΔY) between adja-
cent gripping points. In this embodiment, Xstart and
Ystart correspond to start parameters. Xend and Yend
correspond to end parameters. ΔX and ΔY correspond
to unit parameters.

Equal-interval Gripping Pattern Generation Process

[0120] An equal-interval pattern generation process
will now be described with reference to the flowchart in
Fig. 18.
[0121] First, X and Y are set to Xstart and Ystart defined
by the user (step S21).
[0122] Subsequently, the pose of the tool is calculated
(step S22).
[0123] The relationship between the relative pose of
the hand and the gripping target before a gripping pattern
is generated, the rotation matrix Rpattern, and the trans-
lation vector Tpattern is the same as shown in Fig. 15.
[0124] In the equal-interval gripping pattern setting
process, the tool is translated from the initial pose along
X- and Y-axes of the tool coordinate system. When the
tool is translated by (X, Y), the rotation matrix Rpattern and
the translation vector Tpattern can be calculated as de-
scribed below. 

[0125] The calculated current pose of the tool (hand)
is registered to a predetermined area in the storage 12
(step S23). The rendering unit 29 displays the registered
current pose of the tool (hand) on the display 14.
[0126] The X-coordinate position of the hand is
changed to X + ΔX (step S24).
[0127] The determination is then performed as to
whether X > Xend (step S25).
[0128] When the determination result is negative (No)
in step S25, the processing returns to step S22 to calcu-
late the pose of the tool at the updated X-coordinate po-
sition.
[0129] When the determination result is affirmative
(Yes) in step S25, the Y-coordinate position of the hand
is changed to Y + ΔY (step S26).
[0130] The determination is then performed as to
whether Y > Yend (step S27).
[0131] When the determination result is affirmative
(Yes) in step S27, the equal-interval gripping pattern set-
ting process ends.

[0132] When the determination result is negative (No)
in step S27, the processing returns to step S22 to calcu-
late the pose of the tool at the updated Y-coordinate po-
sition.
[0133] Although the tool is translated in X- and Y-di-
rections at equal intervals in this embodiment, the tool
may be translated in Z-direction or in directions including
Z-direction at equal intervals.
[0134] The equal-interval gripping pattern may be used
not only for the suction hand 40 described above, but
also for, for example, the two-finger hand 30 with the jaws
31 and 32 holding an erect wall, such as an edge of a
box, between them and moving along the edge.
[0135] When the current pose of the tool is calculated
in step S22, the determination may be performed as to
whether the tool collides with the gripping target. Any
pose with no such collision may then be registered in
step S23. Any known technique may be used as appro-
priate for the determination about the collision with the
gripping target, and will not be described in detail.
[0136] Fig. 19 shows a gripping pattern generated
through the equal-interval gripping pattern generation
process described above. The suction hand 40 with the
suction pad 41 in contact with the upper surface of the
gripping target 50 is translated on the upper surface in
X- and Y-directions at equal intervals to define a gripping
pattern.
[0137] When any gripping pattern described above ap-
pears on the display 14, the hand may appear in a com-
mon, stereoscopic representation mode as described
above. The hand in each gripping pose relative to the
gripping target and in each gripping pattern may appear
in another representation mode. As the number of grip-
ping poses increases, more images of the hand overlap
one another and are thus less distinguishable from one
another. In Figs. 20A and 20B, the hand appears in a
simplified mode to simply represent the outline of the
hand by lines. Another representation mode may be used
to simply represent the contour of the path taken by grip-
ping poses of the hand included in a gripping pattern.
The user selects a representation mode through the input
unit 13 for selecting the type of a gripping pattern or for
setting parameters. The representation mode for the
hand can be switched through the input unit 13 when a
gripping pattern appears on the display 14.
[0138] For ease of understanding, Figs. 20A and 20B
selectively show some of the gripping poses included in
the gripping pattern. Fig. 20A corresponds to Fig. 10. Fig.
20B corresponds to Fig. 12. The hand is represented
differently between these diagrams. The hand indicated
with lines in a simplified manner allows the user to easily
distinguish many gripping patterns and thus to set and
register a gripping pattern efficiently.

Gripping Pose Storing Process

[0139] Fig. 21 is a flowchart showing the gripping pose
storing process.
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[0140] The gripping pose storage unit 28 displays mul-
tiple gripping poses generated through the pattern gen-
eration process on the display 14 as shown in, for exam-
ple,
[0141] Fig. 9 (step S31). In this state, the gripping pose
storage unit 28 displays, on the screen of the display 14,
buttons for selecting whether all the appearing gripping
patterns are to be stored or gripping poses to be stored
are to be specified, and receives the selection from the
user.
[0142] When the user selects, through the input unit
13, the button for storing all the gripping poses, the grip-
ping pose storage unit 28 determines that the determi-
nation result is affirmative (Yes) in step S32, and stores
all the gripping poses included in the generated gripping
pattern into the gripping pose database 122 (step S32).
When the user selects the button for selecting gripping
poses to be stored, the gripping pose storage unit 28
receives, from the user through the input unit 13, the se-
lection of gripping poses to be stored from among the
multiple gripping poses appearing on the display 14 (step
S34). For example, the user selects a gripping pose to
be stored by clicking one or more of the gripping poses
appearing on the display 14. The user may click gripping
poses not to be stored. When the user selects one or
more gripping poses to be stored, the gripping pose stor-
age unit 28 updates the structure of the gripping pattern
in accordance with the selection by the user (step S35),
and stores the updated gripping pattern into the gripping
pose database 122. The user may exclude any gripping
pose with which the robot hand collides with the gripping
target from the gripping pattern.
[0143] The user can select one or more gripping poses
to be stored from the generated gripping pattern. The
user can thus store an intended gripping pattern. This
structure also allows a gripping pattern to include one or
more intended gripping poses and thus eliminates the
setting of the number of partitions.
[0144] Fig. 22A shows a holder 54 as a gripping target.
Figs. 22B, 23A, and 23B show gripping patterns for the
holder 54 in the present embodiment. Fig. 23B shows
the two-finger hand 30 gripping the holder 54 in the circle
pattern. Fig. 23A shows the two-finger hand 30 gripping
the holder 54 in the fan-shaped pattern. Fig. 23B shows
the fan-shaped pattern with a different rotation range.
[0145] Fig. 24A shows an L-shaped plate 55 as a grip-
ping target. Figs. 24B and 24C show example rotational
gripping patterns for the L-shaped plate 55 in the present
embodiment. Fig. 24B shows the two-finger hand 30 grip-
ping the L-shaped plate 55 in the fan-shaped pattern.
Fig. 24C shows the fan-shaped pattern with a different
rotation range.
[0146] Fig. 25A shows a connector 56 as a gripping
target. Figs. 25B and 25C show example rotational grip-
ping patterns for the connector 56 in the present embod-
iment. Fig. 25B shows the two-finger hand 30 gripping a
hexagonal portion 561 of the connector 56 in the circle
pattern. Fig. 25C shows the two-finger hand 30 gripping

an L-shaped bend 562 of the connector in the fan-shaped
pattern.
[0147] Fig. 26A shows a capacitor 52 as a gripping
target. Fig. 26B shows the suction hand 40 gripping the
capacitor 52 with no gripping pattern. Fig. 26C shows the
equal-interval gripping pattern.

Modifications

[0148] Although the above embodiment describes a
two-finger hand and a suction hand, the present invention
is also applicable to other types of hands including, but
not limited to, a three-finger hand or a magnetic hand.
Effective patterns may differ depending on the hand type.
[0149] The above embodiment describes the rotational
gripping patterns including the cylinder pattern, fan-
shaped pattern, circle pattern, and their combinations,
and the equal-interval gripping pattern. Any of the rota-
tional gripping patterns may be combined with the equal-
interval gripping pattern. The present invention is also
applicable to other gripping patterns.
[0150] Gripping targets may not correspond one-to-
one with hands. Gripping patterns of multiple types of
hands may be used for a single gripping target. Such
gripping patterns of multiple types of hands may be pri-
oritized for each gripping target.
[0151] Gripping targets can have a three-dimensional
computer-aided design (CAD) file format or a point cloud
(measurement data) format, or may have another data
format.
[0152] Hands can have a three-dimensional CAD file
format or a data format based on the shapes specified
by the user, or may have another data format.
[0153] The elements in the aspects of the present in-
vention below are identified with reference numerals
used in the drawings to show the correspondence be-
tween these elements and the components in the em-
bodiments.

Aspect 1

[0154] A gripping pose registration apparatus (1) for
registering a gripping pose of a robot hand (30, 40) rel-
ative to a gripping target (51 to 56), the apparatus com-
prising:

a gripping pose setting unit (22, 23) configured to
receive setting of a gripping pose of the robot hand
(30, 40) relative to the gripping target (51 to 56) rep-
resented three-dimensionally;
a gripping pattern designator (24) configured to re-
ceive designation of a type of a gripping pattern in-
cluding a group of gripping poses;
a gripping pattern generator (27) configured to gen-
erate, based on the designated type and the set grip-
ping pose of the robot hand (30, 40), the gripping
pattern including the group of gripping poses gener-
ated from at least one of rotation about a predeter-
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mined axis in a tool coordinate system defined for
the robot hand or translation in a predetermined di-
rection in the tool coordinate system; and
a gripping pose storage unit (28) configured to store
the group of gripping poses included in the generated
gripping pattern.

Aspect 2

[0155] A gripping pose registration method for regis-
tering a gripping pose of a robot hand (30, 40) relative to
a gripping target (51 to 56), the method comprising:

receiving setting of a gripping pose of the robot hand
(30, 40) relative to the gripping target (51 to 56) rep-
resented two-dimensionally (steps S1 and S2);
receiving designation of a type of a gripping pattern
including a group of gripping poses (step S3);
generating, based on the designated type and the
set gripping pose of the robot hand, the gripping pat-
tern including the group of gripping poses generated
from at least one of rotation about a predetermined
axis in a tool coordinate system defined for the robot
hand or translation in a predetermined direction in
the tool coordinate system (step S4); and
storing the group of gripping poses included in the
generated gripping pattern (step S5).

Aspect 3

[0156] A program for causing a computer to implement
a gripping pose registration method for registering a grip-
ping pose of a robot hand (30, 40) relative to a gripping
target (51 to 56), the program causing the computer to
perform operations comprising:

receiving setting of a gripping pose of the robot hand
(30, 40) relative to the gripping target (51 to 56) rep-
resented two-dimensionally (steps S1 and S2);
receiving designation of a type of a gripping pattern
including a group of gripping poses (step S3);
generating, based on the designated type and the
set gripping pose of the robot hand, the gripping pat-
tern including the group of gripping poses generated
from at least one of rotation about a predetermined
axis in a tool coordinate system defined for the robot
hand or translation in a predetermined direction in
the tool coordinate system (step S4); and
storing the group of gripping poses included in the
generated gripping pattern (step S5).
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Claims

1. A gripping pose registration apparatus for registering
a gripping pose of a robot hand relative to a gripping
target, the apparatus comprising:

a gripping pose setting unit configured to receive
setting of a gripping pose of the robot hand rel-
ative to the gripping target represented three-
dimensionally;
a gripping pattern designator configured to re-
ceive designation of a type of a gripping pattern
including a group of gripping poses;
a gripping pattern generator configured to gen-
erate, based on the designated type and the set
gripping pose of the robot hand, the gripping pat-
tern including the group of gripping poses gen-
erated from at least one of rotation about a pre-
determined axis in a tool coordinate system de-
fined for the robot hand or translation in a pre-
determined direction in the tool coordinate sys-
tem; and
a gripping pose storage unit configured to store
the group of gripping poses included in the gen-
erated gripping pattern.

2. The gripping pose registration apparatus according
to claim 1, wherein
the type of the gripping pattern includes a first type
of the gripping pattern including the group of gripping
poses generated with an axis in a direction connect-
ing two gripper parts of the robot hand being the pre-
determined axis.

3. The gripping pose registration apparatus according
to claim 1, wherein
the type of the gripping pattern includes a second
type of the gripping pattern including the group of
gripping poses generated with an axis orthogonal to
a longitudinal direction of two gripper parts of the
robot hand being the predetermined axis.

4. The gripping pose registration apparatus according
to claim 1, wherein
the type of the gripping pattern includes a third type
of the gripping pattern including the group of gripping
poses generated with an axis parallel to a longitudi-
nal direction of a gripper part of the robot hand being
the predetermined axis.
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5. The gripping pose registration apparatus according
to claim 1, wherein
the type of the gripping pattern includes a fourth type
of the gripping pattern including the group of gripping
poses generated by combining rotation about an axis
in a direction connecting two gripper parts of the ro-
bot hand being the predetermined axis and rotation
about an axis parallel to a longitudinal direction of at
least one of the gripper parts being the predeter-
mined axis or rotation about an axis orthogonal to a
longitudinal direction of the two gripper parts being
the predetermined axis.

6. The gripping pose registration apparatus according
to claim 1, wherein
the type of the gripping pattern includes a fifth type
of the gripping pattern including the group of gripping
poses generated with a direction orthogonal to a lon-
gitudinal direction of a gripper part of the robot hand
being the predetermined direction.

7. The gripping pose registration apparatus according
to any one of claims 1 to 6, wherein
the gripping pattern designator receives designation
of a plurality of the types of the gripping pattern for
a single gripping target.

8. The gripping pose registration apparatus according
to claim 3 or claim 5, further comprising:

a parameter setting unit configured to receive
setting of a parameter for generating the grip-
ping pattern,
wherein the parameter includes a gripping depth
indicating a position of the axis orthogonal to the
longitudinal direction of the two gripper parts.

9. The gripping pose registration apparatus according
to any one of claims 1 to 7, further comprising:
a parameter setting unit configured to receive setting
of a parameter for generating the gripping pattern.

10. The gripping pose registration apparatus according
to claim 9, wherein
the parameter includes at least one of a start param-
eter for specifying a gripping pose with which the
rotation or the translation is started in generating the
gripping pattern or an end parameter for specifying
a gripping pose with which the rotation or the trans-
lation is ended in generating the gripping pattern.

11. The gripping pose registration apparatus according
to claim 8 or claim 9, wherein
the parameter includes a unit parameter for specify-
ing a unit for the rotation or the translation of the
robot hand for generating the group of gripping pos-
es.

12. The gripping pose registration apparatus according
to any one of claims 1 to 11, wherein
the gripping pattern generator determines, in gener-
ating the gripping pattern, whether the robot hand
collides with the gripping target and excludes a grip-
ping pose with which the robot hand collides with the
gripping target from the set of gripping poses.

13. The gripping pose registration apparatus according
to any one of claims 1 to 11, further comprising:
a rendering unit configured to generate rendering
information for displaying the gripping pattern gen-
erated by the gripping pattern generator.

14. The gripping pose registration apparatus according
to claim 13, further comprising:
a representation mode designator configured to re-
ceive, as the rendering information, designation of a
representation mode including a simplified mode for
representing an outline of the robot hand corre-
sponding to a gripping pose included in the gripping
pattern.

15. The gripping pose registration apparatus according
to claim 13 or claim 14, wherein
the gripping pose storage unit receives designation
of a gripping pose to be stored from among the group
of gripping poses included in the gripping pattern rep-
resented three-dimensionally.

16. A gripping pose registration method for registering
a gripping pose of a robot hand relative to a gripping
target, the method comprising:

receiving setting of a gripping pose of the robot
hand relative to the gripping target represented
two-dimensionally;
receiving designation of a type of a gripping pat-
tern including a group of gripping poses;
generating, based on the designated type and
the set gripping pose of the robot hand, the grip-
ping pattern including the group of gripping pos-
es generated from at least one of rotation about
a predetermined axis in a tool coordinate system
defined for the robot hand or translation in a pre-
determined direction in the tool coordinate sys-
tem; and
storing the group of gripping poses included in
the generated gripping pattern.

17. A program for causing a computer to implement a
gripping pose registration method for registering a
gripping pose of a robot hand relative to a gripping
target, the program causing the computer to perform
operations comprising:

receiving setting of a gripping pose of the robot
hand relative to the gripping target represented
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two-dimensionally;
receiving designation of a type of a gripping pat-
tern including a group of gripping poses;
generating, based on the designated type and
the set gripping pose of the robot hand, the grip-
ping pattern including the group of gripping pos-
es generated from at least one of rotation about
a predetermined axis in a tool coordinate system
defined for the robot hand or translation in a pre-
determined direction in the tool coordinate sys-
tem; and
storing the group of gripping poses included in
the generated gripping pattern.
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